We present high-resolution (1. 3 × 1. 6) observations of the CH 2 Π 1/2 (F = 1-1) emission line at 3335 MHz in two high-latitude translucent clouds, MBM 3 and 40. At the assumed cloud distances, the angular resolution corresponds to ∼0.05 pc, nearly an order of magnitude better than previous studies. Comparisons of the CH emission with previously obtained CO(1-0) data are difficult to interpret: the CO and CH line emission correlates in MBM 40 but not in MBM 3. In both clouds, there is a spatial offset in the peak emission, and perhaps in velocity for MBM 40. The difference in emission characteristics for the two tracers are noticeable in these two nearby clouds because of the high spatial resolution. Since both CH and CO are deemed to be reliable tracers of H 2 , our results indicate that more care should be taken when using one of these tracers to determine the mass of a nearby molecular cloud.
INTRODUCTION
The most abundant molecule in interstellar molecular clouds, H 2 , is difficult to observe using ground-based facilities because of its lack of a dipole moment and the relatively large energy separation between the lowest rotational levels. Consequently, astronomers have been forced to rely on other species to trace the molecular distribution and properties of molecular clouds. The workhorse tracer for H 2 , historically, has been the CO(1-0) transition at 115 GHz. The velocity-integrated CO(1-0) antenna temperature (hereafter, W CO ) is thought to be proportional to N(H 2 ) if the transition is optically thick and the excitation temperature reflects the cloud temperature (e.g., Friberg & Hjalmarson 1990) . The opacity of the CO(1-0) line makes it difficult to derive the column density CO without radiative transfer models. However, an empirical conversion factor between N(H 2 ) and W CO (sometimes known as the "X-factor" or X CO ) can be established by various calibration techniques (see review by Combes 1991). The theoretical basis for using X CO to convert observations of the CO(1-0) line to the physically relevant quantity, N(H 2 ), is that the integrated CO(1-0) intensity escaping from the surface of a gravitationally bound, optically thick, cloud is limited by the velocity dispersion across the cloud. A greater velocity dispersion allows less shadowing by the optically thick clumps along a given line of sight consequently producing line emission over a greater velocity range which, in turn, produces a larger value of W CO . Because the line width tracks the mass of the cloud via the virial relation, W CO can be used to determine the cloud mass (Friberg & Hjalmarson 1990) . Thus, the observed quantity, W CO , when multiplied by X CO (with the ungainly units of cm −2 [K km s
−1 ] −1 ) produces an estimate of N(H 2 ) that is accurate to a factor of a few, given that in most of the Galaxy, estimates of X CO range from 1 to 4 × 10 20 (Combes 1991) . However, if the assumptions described above (optical thickness and virial equilibrium) do not hold, there is no theoretical basis for assuming that X CO should remain within the aforementioned range. Translucent molecular clouds are a class of interstellar clouds that have lower dust opacities and molecular column densities than dark clouds or giant molecular clouds (GMCs; van Dishoeck & Black 1988) . The largest sample of translucent clouds are the high-latitude clouds, the majority of which are translucent and not gravitationally bound (Magnani et al. 1985) . As expected, two studies of X CO in these objects have found significant variations both from cloud to cloud and from point to point over a given cloud (Magnani & Onello 1995; Magnani et al. 1998) .
The CH 2 Π 1/2 (F = 1-1) emission line at 3335 MHz has long been considered a good tracer of H 2 in various types of molecular clouds (Magnani et al. 2005 , and references therein). The transition is optically thin and a robust relationship between the intensity of the 3335 MHz line and N(CH) has been established by many studies (see Liszt & Lucas 2002, and references therein) . In addition to the radio data, optical and ultraviolet (UV) studies of absorption lines toward earlytype stars behind diffuse and translucent clouds show that, for regions with visual extinction, A V , less than 4 mag a linear relationship between N(CH) and N(H 2 ) exists (e.g., Federman 1982; Rachford et al. 2002; Sheffer et al. 2008) . At higher extinctions (and, consequently, higher gas densities) CH is consumed by the carbon chemistry in relatively dense molecular environments (Mattila 1986; Viala 1986 ); thus, CH observations cannot supplant CO for studying dark clouds or the cores of GMCs. The relative insensitivity of the CH 3335 MHz line to variations in excitation mean that it can also be used to determine N(CH) reliably (Rydbeck et al. 1976; Mattila 1986 ). However, Liszt & Lucas (2002) do warn that uncertainties of 45% can be expected.
Translucent molecular clouds, defined by van Dishoeck & Black (1988) as interstellar clouds with 1 mag < A V < 5 mag, are ideal objects for study via the CH 3335 MHz line. Observations of this transition can then lead directly to determining physical parameters such as N (CH) and N(H 2 ) as discussed above. In this respect, observations of CH in translucent clouds can independently verify results obtained from CO data.
Despite the inability of CH to efficiently trace dense molecular gas (n > 10 4 cm −3 ), CH observations of GMCs have been surprisingly effective in tracing the large-scale molecular component of the interstellar medium (ISM). Johansson's (1979) systematic CH survey of the Galactic plane confirmed the GMC distribution found by the CO surveys and even hinted at the existence of the Solar Circle of molecular gas that was not detected by the CO surveys. The existence of molecular gas not readily detectable with the CO(1-0) line has been implied both by infrared studies (Reach et al. 1998 ) and gamma-ray, infrared, and mm-wave data (Grenier et al. 2005) . However, Johansson's findings have never been confirmed. Along the Galactic plane, line profiles of CH at 3335 MHz are remarkably similar to the CO(1-0) profiles for the same lines of sight with equivalent angular resolution (Magnani et al. 2005) . This is likely due to the relatively small volumes within GMCs containing dense gas; the translucent, low-density envelopes of GMCs comprise most of their overall mass and volume (e.g., Lada et al. 1991; Heyer et al. 1996) . The CH lines of sight along the Galactic plane cut across one or more GMCs at distances of several kpc so that the 9 beam of the CH observations corresponds to linear sizes of order 10 pc. As long as one is not interested in studying the denser regions of molecular clouds (i.e., those with n > 10 4 cm −3 ), CH seems to be as reliable a tracer of H 2 as the CO(1-0) line, with the important proviso that integration times for detection of the 3335 MHz lines are significantly longer; so much so that large-scale CH mapping of spatially extended clouds is not really feasible. However, for one nearby (∼10 2 pc) translucent cloud (MBM 16) , where a 9 beam probes regions of linear size 10 −1 pc, there are indications that the CO and CH lines are not tracing the same low-density molecular component . Magnani et al. (2003) showed that for the translucent cloud MBM 16, the CH 3335 MHz line correlated well with the color excess, E(B − V ), whereas the CO(1-0) line for the same lines of sight did not. Although a measure of the amount of dust along a line of sight, E(B − V ) is considered a very effective linear tracer of the total gas column (Savage et al. 1977; Schlegel et al. 1998) , so that if the atomic gas is accounted for, N(H 2 ) can be readily derived. Past optical observations of CH have established a correlation between N(CH) and E(B − V ) (see Liszt & Lucas (2002) for a listing of recent results). However, Liszt & Lucas (2002) caution that the relationship between N(CH) and E(B − V ) is largely bimodal for E(B − V ) values ∼ 0.3 mag. They report that, in diffuse molecular gas, N(CH) 3 × 10 12 cm −2 , while in translucent gas, N(CH) 10 13 cm −2 . This transition from a low to a high column density of CH occurs somewhere in the range 0.1 mag E(B − V ) 0.4 mag, equivalent to 0.3 A V 1.2 mag. The two clouds studied in this paper, and MBM 16 studied earlier, all have A V values in this range-at least, away from their core regionsand the CH observations described below indicate that these clouds have relatively high N(CH). Thus, following Liszt & Lucas (2002) , a consistent linear relationship between N(CH) and E(B − V ) is expected for all three objects.
The nonlinear behavior between CO and H 2 for MBM 16 is likely a consequence of the abrupt rise in N(CO) when N(H 2 ) ∼10 20 cm −2 (van Dishoeck & Black 1988) . The translucent cloud regime is effectively defined as the region of parameter space where the CO/H 2 ratio increases rapidly from <10 −6 to ∼10 −4 . Thus, from theory, CO and H 2 should not correlate in linear fashion in the translucent regime; an effect that has been confirmed observationally (Federman et al. 1980; Burgh et al. 2007; Sonnentrucker et al. 2007; Liszt 2007 Liszt , 2008 Sheffer et al. 2008) . Given the significant variation of CO/H 2 in translucent clouds, a correct accounting of their molecular mass requires a more reliable way to trace H 2 . In order to confirm whether the results for MBM 16 could be verified for other translucent clouds and to probe the relationship between the two transitions more carefully, we carried out CH observations of two other translucent molecular clouds, MBM 3 and MBM 40, with the Gregorian feed system at the Arecibo Observatory in Puerto Rico. This observing setup provides by far the highest angular resolution for the CH 3335 MHz transition (1. 6 × 1. 3 beamsize) and allows direct comparison with CO(1-0) observations at similar resolution.
The remainder of the paper is organized as follows. In Section 2, we describe and re-analyze previous CO observations of MBM 3 and 40 because we wish to compare our current CH results with these data. Although MBM 3 has not been observed in CH prior to the results described in this paper, CH observations at low resolution (9 ) have been previously reported for MBM 40 (Magnani et al. 1998 ) and serve as a point of comparison with the new data. We also briefly mention some earlier CO and CH observations for MBM 16, because it is similar to the two clouds in our study. The high-resolution CH observations for the two clouds carried out at the Arecibo Observatory are described in Section 3. The new CH and old CO data sets are compared and correlated in Section 4. There is a correlation between the integrated CH line emission (W CH ) and W CO with significant scatter for MBM 40, but no correlation for MBM 3. A possible, weak, correlation exists for MBM 3 when 13 CO is used instead of CO. However, the slope of the linear fit for the two clouds is significantly different. More importantly, a positional discrepancy exists between the CO and CH peak emission in both clouds. This phenomenon may also be confirmed in velocity for MBM 40 and is described in Section 5. The paper closes with a summary of the principal findings.
PRIOR RESULTS ON MBM 3 AND MBM 40
MBM 3 was mapped in CO(1-0) and 13 CO(1-0) at the FCRAO 14 m telescope in 2003 with the CO results presented by Shore et al. (2006) . A nearly 1 deg 2 region was mapped at better than Nyquist sampling (20 spacing intervals with a 47 beam) to an rms noise level of 0.2 K. MBM 3 is a triangleshaped region subtending approximately 1 deg 2 in solid angle and embedded in a long (∼ 20 • ) filament centered at ∼131
• and b ∼ −46
• . The distance to the cloud has been estimated from reddening and absorption line studies to be in the range 90-180 pc (Penprase 1992; Penprase 1993; Lallement et al. 2003 ); we will adopt 130 pc as the distance to the cloud for the remainder of this paper. The CO(1-0) map that is used to compare with the CH data presented here is described in more detail by Shore et al. (2006) . Briefly, the composite spectrum for the cloud shows the existence of two distinct velocity components, one extending from −12 to −3 km s −1 and the other from −3 to +1 km s −1 . 3 With CO emission extending over more than 10 km s −1 , MBM 3 stands out among the high-latitude molecular clouds. In this respect, it is reminiscent of the highly fragmented clouds MBM 12 and MBM 55, each of which has multiple velocity components. The CO data can be used with standard assumptions to derive a cloud mass of 20-40 M with another 10-15 M in the form of associated H i (see Chastain (2005) for details). No other spectroscopic study of this cloud has been reported in the literature.
Although we do not present any high-resolution CH observations of MBM 16 in this paper, it is worthwhile to compare prior CH and CO observations of this translucent cloud with the two clouds that are the focus of this study. MBM 16 is a few times larger and more massive than either MBM 3 or 40 (∼ 3 deg × 4 deg; M 100 M ). The relevant CO and CH observations pertinent to this cloud are presented by Magnani et al. (1998 Magnani et al. ( , 2003 .
In contrast to MBM 3, MBM 40 has been extensively studied in CO, 13 CO, CS, H 2 CO, CH, and HI transitions (see Shore et al. 2003 for a review). Two lines of sight were observed in OH at 18 cm by Magnani & Siskind (1990) , and a dozen more by Wennerstrom (2007) . The cloud consists of two ridges of dust emission forming an inverted horseshoe. We refer to the dust emission surrounding the horseshoe as the cloud "envelope." The distance to the cloud is estimated to be ∼120 pc, and MBM 40 is roughly the same size as MBM 3-at least as far as CO emission is concerned. Previous studies (e.g., Shore et al. 2003 , Magnani et al. 1996 have established a molecular cloud mass of 20-40 M -similar to MBM 3, and the existence of an extended H i envelope. The relationship between the molecular and atomic components of the cloud is discussed in detail by Shore et al. (2003) . Unlike most translucent high-latitude clouds, MBM 40 appears close to being gravitationally bound. Its CO lines are narrow (typically < 1 km s −1 FWHM) and its isolation from other molecular gas makes it somewhat unique among the high-latitude cloud ensemble. No evidence of star formation has been found in the cloud despite a rigorous search (Magnani et al. 1996) .
Previous CH observations of MBM 40 at 3 GHz consisted of a 5 × 7 off-center cross pattern consisting of relatively deep integrations (rms ∼ 15 mK) reported by Magnani et al. (1998) as part of their study of variations in the CO-H 2 conversion factor in this cloud. The data from Magnani et al. (1998) were taken with the Green Bank 140 ft telescope that had a 9 beam at 3.3 GHz and were compared to CO(1-0) data at nearly the same resolution. The CH data were not correlated with the Schlegel et al. (1998) E(B − V ) data (∼ 6 resolution) because they were not available at that time. However, if we now correlate the CH emission for the positions from Magnani et al. (1998) 
In this equation, W CH is expressed in mK km s −1 . The correlation coefficient for the 11 data points is 0.74, indicating a less than 1% chance that the relationship arises from an uncorrelated parent population. For MBM 16, the equivalent relation has a slope of 11 × 10 −4 and a y-intercept of 0.61 mag . The much larger value of E(B − V ) for those regions with no CH emission is produced because the cloud is situated in a large "plateau" of elevated E(B − V ) values south of the Taurus-Aurigae dark cloud complex. The enhanced gas and dust in this region have been noted before (Magnani 1988; Verter et al. 2000) and may, in part, explain the significant concentration of molecular gas therein (Dame & Thaddeus 2004) . However, neither MBM 3 nor 40 is situated in this type of environment. Both are surrounded by regions of slightly enhanced dust emission, but the filaments in which the molecular gas is embedded in both instances have E(B − V ) values of ∼ 0.1 mag, rather than 0.5 mag.
A comparison of N(CH) versus W CO was made for both MBM 16 and 40 by Liszt & Lucas (2002) , who found that N(CH) in MBM 16 was approximately a factor of 3 greater for a given W CO value than for MBM 40. They ascribed the difference in N(CH) for both clouds to a bimodal behavior in the CH-CO relation between "dark" clouds and "diffuse" clouds. They noted that in both types of molecular cloud there is a slow increase in N(CH) with W CO , but with a factor of 3 offset in the best-fit lines to data for the two cloud varieties. The large scatter for both relations was attributed to variations in the CH excitation and the physical conditions from cloud to cloud. In contrast, Magnani & Onello (1995) and Magnani et al. (1998) assume that the CH excitation is similar in these two clouds because they are both translucent clouds and that the factor of 3 offset in N(CH) with respect to W CO for MBM 16 and 40 is produced by a variation in the conversion factor between W CO and N(H 2 ), the so-called X-factor, or X CO . This is the basis for Magnani et al. (1998) deriving a mean X CO in MBM 16 of 7.6 × 10 20 cm
−1 versus 2.6 × 10 20 for MBM 40. In short, Magnani et al. ascribe the differences in the CO-CH relation to variations in CO excitation or abundance whereas Liszt and Lucas ascribe the differences primarily to CH variations. This issue will be revisited in Section 4.
In MBM 40, the low-resolution observations reveal CH emission from all 11 surveyed positions. The extreme north, south, east, and west positions are located at or near the CO boundaries of the cloud as established by the highly undersampled map presented by Magnani et al. (1985-see also Figure 3 of Magnani et al. 1998) . The ability of the CH 3335 MHz line to trace low density gas is well known (e.g., Magnani & Onello 1995-and references therein) . Some authors have even argued that the CH 3335 MHz line is perhaps even a more effective tracer of low-density molecular gas than the CO (1-0) line at 115 GHz (Sandell & Johansson 1982; Sandell et al. 1987; Magnani & Onello 1993) . Although the low-resolution CH and CO data for MBM 40 seem to reinforce these ideas, it is important to point out that very sensitive CO observations of the envelope of MBM 40 reveal the presence of weak CO (1-0) emission (D. Cotten & L. Magnani 2010, in preparation) . Simply plotting W CH versus W CO for the 11 points in MBM 40 observed by Magnani et al. (1998) produces the relation shown in Figure 1 . Although the error bars are large, a correlation between W CH and W CO is evident. There is even one point where CH 3335 MHz emission is detected, but CO(1-0) emission is not at the 0.10 K 1σ rms level.
A least-squares fit to the low-resolution W CH and W CO data produces the linear relationship:
The correlation coefficient is 0.76 which for the 11 points gives a less than 1% probability that the sample is taken from a noncorrelated parent population. For 24 points analyzed in the same manner, MBM 16 has a shallower slope by a factor of 7.5. This difference can be attributed either to differences in CH abundance and excitation (Liszt & Lucas 2002) or to differences in X CO (Magnani et al. 1998) . In summary, MBM 3 is a little-studied translucent cloud that is the densest knot of a very extended H i and dust-rich filament. In contrast, MBM 40 is more isolated and has been observed spectroscopically with many molecular species, including CH at low resolution (9 ). Both clouds are approximately the same size and mass based on high-resolution CO maps. Although low-resolution CH data do not exist for MBM 3, they do for MBM 16. The CO-CH relation based on low-resolution data between MBM 16 and 40 differs significantly though both clouds are translucent clouds. No previous CH observations exist for MBM 3. In order to better study the CO-CH relation in translucent clouds we conducted high-resolution observations, described below, of the CH 3.3 GHz line in MBM 3 and 40.
OBSERVATIONS
The CH data were taken with the NAIC 305 m cm-wave radio telescope near Arecibo, Puerto Rico. 4 We observed 164 positions distributed along and around both the main and secondary ridge of MBM 40 during 2003 May and 2004 August. At 3335 MHz, the beamwidth of the S-band-high dualpolarization receiver is 1. 3×1. 6 and the sensitivity is ∼ 8 K Jy −1 . Typical system temperatures at low zenith angle were ∼ 30 K.
The spectrometer was the Interim Correlator setup to observe both polarizations of the main line at 3335 MHz, and a single polarization of the both the upper satellite line at 3349 MHz and the lower satellite line at 3264 MHz. Each subcorrelator was configured to give a resolution of 781 kHz for each of 1024 channels, corresponding to a velocity resolution of 0.068 km s −1 and a total velocity coverage of approximately 70 km s −1 . Because of the stability of the receiver over the 800 MHz bandpass, only standard "on-source scans" were taken in order to maximize the integration time spent on source. A high-order polynomial was removed from each spectrum to remove the bandpass shape. The brightness temperature, T B , is given by dividing the antenna temperature, T A , by the efficiency of the Arecibo telescope, typically 0.6 at 3.3 GHz for most observing conditions during the two observing runs.
For MBM 3, the CH signals were so weak that a regular map could not be made in the allotted time. Figure 2 shows the locations of the observed positions in the cloud projected on the CO(1-0) map from Shore et al. (2006) . Prior to the results described here, CH had never been observed in this object.
For MBM 40, a sparsely sampled CH map was made trading coverage for integration time (15 minutes per position), allowing us to obtain typical rms values of ∼ 25 mK for each line of sight. Figure 3 shows the 164 positions where the CH spectra were taken, overplotted on a CO(1-0) intensity map from Shore et al. (2003) . The angular extent of each circle is nearly twice the actual size of the Arecibo receiver at each position. The CH mapping covers the main ridge systematically and samples the northeastern ridge adequately. The basic observing grid used was 2. 5 separation in declination between the rows of the grid and 2. 5 separation between points along each row. The initial line of sight in each row was 1. 6 further west than the starting point of the row beneath it in an attempt to allow the columns of the grid to follow the slope of the main ridge. CH spectra were taken at 129 adjacent points along the main ridge, while the remaining 35 positions sampled the secondary ridge, with particular attention paid to the lines of sight along the edge of the CO emission. Figure 4 compares the locations of the CH observations described in this paper with the earlier, lower resolution observations presented by Magnani et al. (1998) and discussed in Section 2.
The results of the observations for the 3335 MHz line for MBM 3 and 40 are given in Tables 1 and 2 , respectively. The first two columns give the R.A. and decl. of each observation in J2000 coordinates, while the next three columns list the peak brightness temperature, the full width at half-maximum, and the LSR centroid velocity from a Gaussian fit to the profile. The last column tabulates W CH . We note that our relatively short integration times do not imply that CH is not detectable in the black-dot-circled positions in Figure 4 . Often, an hour or longer integration is required to detect the CH 3335 MHz line in translucent clouds (e.g., Magnani et al. 1989) . CH emission was detected in the two southernmost, low-resolution lines of sight at the 30-50 mK level (Magnani et al. 1998 ) so that a low-intensity CH envelope very likely surrounds the entire region we mapped at high resolution. With the new, higherresolution, data, we can demonstrate that longer integrations can bring out weak CH signals for those lines of sight that did not have detected emission by averaging spectra for a contiguous region. For instance, Figure 5 shows the averaged spectrum westward of R.A. = 242.
• 65 for the northernmost two rows of CH observations shown in Figure 3 . The presence of a clear CH signal from the average spectrum proves that widespread, low-level CH emission is present and that deeper integrations would thus reveal a more extensive CH-emitting region than what we will show in Section 5. Unfortunately, the integration times required to fully map the entire CH-emitting region of MBM 40 are prohibitive without multi-beam feed arrays.
COMPARISON OF THE HIGH-RESOLUTION CH OBSERVATIONS WITH PREVIOUSLY OBTAINED CO DATA

On Diffuse Versus Dark Clouds
The data in Tables 1 and 2 can be compared directly to the CO(1-0) data for MBM 40 and 3 described by Shore et al. (2003 Shore et al. ( , 2006 . Because both CO maps were made at 44 resolution, we convolved them to 1. 45 resolution-nearly identical to the resolution of the CH data described above. A plot of the W CO versus W CH for both MBM 3 and MBM 40 is shown in Figure 6 . Only W CH points with values 3σ are plotted. Although a vague correlation is discernible there is great scatter over the limited range of the parameters. A linear fit to the data yields the relation
It is clear from the plot that the eight points for MBM 3 are segregated from those of MBM 40. W CO is significantly stronger in MBM 3 for a given value of W CH -by a factor of 2-3. This is reminiscent of what Liszt & Lucas (2002) found for MBM 16 versus MBM 40; i.e., that, for a given value of W CH or N(CH), MBM 16 had W CO values on average a factor of 3 greater than for MBM 40. They noted that this bi-modal behavior is expected from excitation considerations of the CH ground state, lambda-doubled, hyperfine transitions in diffuse versus dark molecular gas. The possibility of CH abundance variations as one goes from diffuse to dark molecular gas (the CH abundance decreases) was also mentioned. The problem with this approach is that it is difficult to classify the molecular gas in MBM 16 or MBM 3 as "dark." Dark and diffuse are classifications based on the extinction of a molecular cloud. From a spectroscopic point of view, dark clouds once were to be those objects with sufficient column density in the various molecular species to be detected by then-current millimeter radio techniques, while diffuse molecular clouds were the province of optical and UV astronomers and thus detectable only in absorption against background stellar continua. Advances in millimeter receiver technology in the last two decades have blurred these operational distinctions. CO and other species are now routinely detected in traditional diffuse molecular clouds via radio spectroscopy techniques (see Liszt et al. 2006 , and references therein). However, if one thinks of a conventional dark molecular cloud like L134 or TMC-1, it is clear that neither MBM 3 nor 16 is the same beast. The bulk of their physical properties resemble those of MBM 40 far more than those of L134 or TMC-1. Thus, attributing the significantly stronger CO emission with respect to CH, in MBM 3 and 16 compared to 40, to a variation in CH excitation and/or abundance between the two sets of cloud seems to us somewhat contrived. A more reasonable assumption, given the theoretically predicted large variation in the CO/H 2 ratio over the column densities typical of MBM 3, 16, and 40 (van Dishoeck & Black 1988) and the constancy of the CH/H 2 ratio over the same regime (Liszt & Lucas 2002) , is that the variation in CO properties lies with strongly fluctuating N(CO) values over a relatively small range of N(H 2 ). Supporting this point of view are the following considerations: (1) the E(B − V ) versus CH relationships for MBM 40 and 16 (discussed in Section 2) differ by only 50%, not by a factor of 3. (2) The CO does not correlate with E(B − V ) for MBM 16, while the CH does . Throughout a given cloud, it is likely that the gas-to-dust ratio is fairly constant, especially in the absence of star formation. Thus, a transition that tracks E(B − V ) is more likely to trace the molecular gas linearly than one that does not. (3) We show below that there is no correlation between W CO and W CH in MBM 3, but when the optically thinner 13 CO(1-0) is compared to the CH emission, a weak correlation perhaps emerges. This underscores the Magnani et al. (1998) . The red smaller circles (dark gray, filled-in circles for black/white image) signify detections and the small circles with a dot inside are nondetections at the 20-30 mK 1σ level (see Table 2 ). The size of the circles approximates the beam size of the telescopes used for the two sets of observations (the Arecibo 305 m and the Green Bank 43 m).
(A color version of this figure is available in the online journal.) problems with using CO as a tracer of molecular gas in translucent clouds, especially at the lower extinctions (A V ∼ 1-2 mag): It can certainly reveal the presence of H 2 ; but, by itself, it cannot reliably tell you how much H 2 is present. While none of the above points are "proof" that W CO is a poor predictor of H 2 , they make a strong case that in similar clouds such as MBM 3, 16, and 40, the CH is the more reliable (i.e., linear) tracer of H 2 .
CO, 13 CO, and CH in MBM 3
While the correlation between W CO and W CH in MBM 40 is not strong, it is present (see the following section for details). For MBM 3, the situation, as alluded to above, is different. As is clear from looking at where the CH detections and nondetections occur in Figure 2 , the two molecular species do not seem to track each other at all. The CH 3335 MHz emission seems to be most prominent in regions with weaker CO(1-0) emission. Quantitatively, this is obvious from the lack of a CO-CH relationship. For the 10 detections with W CH 2.5σ , the least-square fit linear relation to the points is
The correlation coefficient of 0.08 indicates that there is no linear relationship between the points. However, the situation improves slightly when 13 CO is compared to CH:
with a correlation coefficient of 0.31. However, for 10 points, there is a nearly a 40% chance that the linear relationship in Equation (5) arises from an uncorrelated parent population, thus we cannot claim a correlation even with 13 CO. Figure 7 shows W13 CO versus W CH for MBM 3 and 40.
This lack of correlation between W CO and W CH in a molecular cloud has been noticed before (e.g., Magnani et al. 2003) , but its physical significance is not necessarily important; the physically meaningful correlation is between N(CH) and N(CO). Sheffer (2008) can measure N(CO) directly and find that, although two slopes are needed to characterize the relationship between CO and CH in a sample of diffuse molecular clouds (in other words, there is a break in the power-law relationship between the two quantities), the column densities of the species do correlate in each regime. Liszt & Lucas (2002) also note a correlations between N(CH) and N(CO) (see, e.g., Figures 6 and 7 of that paper). In these studies, the column densities are directly obtainable from the optical and UV absorption lines used to probe lines of sight through diffuse and translucent gas. For emission lines, estimating the column densities accurately is significantly more difficult. The CH 3335 MHz line is optically thin, and past work (e.g., Genzel et al. 1979) has shown that the excitation temperature is likely to be sufficiently far from the background radiation temperature that robust estimates of N(CH) can be obtained (however, note the caveats discussed by Liszt & Lucas 2002) . Unfortunately, the CO(1-0) line is optically thick, even in translucent clouds (Magnani et al. 1985) , so that estimates of N(CO) must rely on an empirically derived conversion factor. As discussed in Section 1, the conversion factor for translucent clouds is very likely to be variable from point to point a given cloud. When coupled with the likely subthermal excitation of the CO(1-0) transition in lowdensity gas at the edges of translucent clouds, deriving N(CO) in translucent clouds from CO(1-0) observations alone is a perilous exercise.
In addition to the above considerations, the turbulent nature of translucent clouds (i.e., Shore et al. 2007 ) further complicates cloud-to-cloud comparisons. Xie et al. (1995) study how turbulent diffusion affects the chemistry of molecular clouds and find that this process significantly modifies the predicted chemical abundances in the cloud interior. Their time evolution models of the chemistry with and without turbulent diffusion show differences of nearly 3 orders of magnitude in the CH abundance over 10 7 years while the CO abundance with or without diffusion is virtually the same. A more recent study by Godard et al. (2009) calculates column densities and abundances of various molecules in clouds containing turbulent dissipation regions. The energy in a turbulent cascade eventually is dissipated on small scales and significantly modifies the chemistry of a cloud even when the column density along a given line of sight is composed primarily of thermally and chemically relaxed gas. These models can reproduce the observed values of N(CH + ) without overproducing N(CH) and, among other results, can also produce relatively large CO abundances even in diffuse molecular gas. Of course, the spatial and temporal dependences of the abundances and column densities of the various species differ significantly, leading to significant variations in ratio depending on where along a photo-dissociation region and when a cloud is observed. These types of models underscore the complexity of modeling dynamically active clouds and the difficulties in trying to draw conclusions based on observations of a small sample of clouds. That MBM 3 is a cloud shaped by turbulence has been established by Shore et al. (2006) , so it is highly likely that the cloud dynamics will have an effect on the cloud chemistry. In addition, geometry considerations in how the UV radiation field illuminates the cloud also play a significant role in the photochemistry of CO, but much less so in the case of CH (Kopp et al. 2000) . With a Galactic latitude ∼ −45
• , MBM 3 is likely to be more subject to these considerations than a cloud closer to the Galactic midplane where the radiation field is likely to be more uniform. Finally, non-equilibrium chemistry considerations (Sheffer et al. 2008 ) can affect molecular species in different ways. Thus, there are several mechanisms that can destroy or alter the CH-CO relationship within a given cloud; unfortunately, to understand which of these may be at work or dominant in MBM 3 requires a far more detailed study of the CH distribution. Given how weak the 3335 MHz line is in this cloud, that does not seem possible at the moment.
CO, 13 CO, and CH in MBM 40
If we examine the data for MBM 40 in the same manner as for MBM 3, the results are significantly different. There are 88 points with CO data and W CH at 3σ . For those points, depicted in Figure 6 with small black dots, the best-fit linear relation is
with a correlation coefficient of 0.36. For 88 points, there is less than a 0.001 probability that the relation in Equation (6) arises from an uncorrelated parent population. The slope of the linear fit for the high-resolution data is similar to that from the low-resolution data (see Equation (2)). The difference in the y-intercepts (the CO level in the absence of any CH emission) is likely due to the different sensitivities of the two data sets. The high-resolution CO data have rms values in the 0.6-0.7 K range, while the low-resolution data were a factor of 2-3 more sensitive. It is likely that the low-resolution data include significant contributions from the cloud envelope, while the high-resolution data do not. For 13 CO, the best-fit linear relation to the 26 data points with 2.5σ signal-to-noise in W CH is W13 CO = 0.0021W CH + 0.166 K km s −1 .
The correlation coefficient is 0.49, which for 26 data points implies only a 1% chance that the relationship is produced by an uncorrelated parent population. In summary, MBM 3 and 40 show very different behavior: W CO and W CH are correlated for 40, but not for 3. In this respect, MBM 40 is typical of other clouds that have been studied, whereas 3 is anomalous. Uncovering the reasons for the anomaly will require much more extensive and sensitive CH observations. Given the cloud size and the current state of instrumentation at 3 GHz, this is unlikely to occur in the near future. However, even in the case of MBM 40, the relationship between CO and CH is not straightforward, as we discuss in the following section.
THE CH-CO OFFSET
MBM 40 was sampled over enough of the cloud that a map of the CH emission could be made and compared directly to the CO(1-0) and 13 CO(1-0) data described in Section 2. Figures 8  and 9 show the W CH contours overplotted on the CO and 13 CO integrated intensity maps, respectively. As can be seen from both figures, the CH emission has the same general structure as the CO emission, with a dominant ridge running from the northwest to the southeast and a lesser ridge to the east of the main ridge. The emission along the dominant ridge is concentrated within two large clumps with relatively low values of W CH in the region between them. However, as is evident in both figures, the CH emission is shifted toward the southwest relative to the CO emission of both isotopologues. It is important to note when looking at the figures that the CH data are not very sensitive. In a sense, the contours in Figures 8 and 9 are really tracing the peak of the CH emission rather than the global distribution of the molecule. Deeper integrations would likely show CH emission everywhere there is CO as demonstrated in Figure 5 . By the same token, the CO and 13 CO data shown in Figures 8 and 9 are also not very sensitive. Deeper observations of the cloud have been made and show the presence of an extensive CO envelope (D. Cotten & L. Magnani 2009, in preparation) : the offset that we point out here is in the peak emission of both species only, and more sensitive CO and CH data tracing the cloud envelope might correlate better.
The spatial discrepancy between the peaks of the CH and CO emission is also evident when comparing both species to dust maps based on the E(B − V ) data presented by Schlegel et al. (1998) . Figure 10 shows CO(1-0) contours plotted over the SFD dust map of MBM 40. As can be seen from the figure, the CO contours faithfully overlap with the region of strong emission in the dust map. The CH contours, however, are offset to the southwest from the ridge of strongest dust emission (see Figure 11 ), just as was the case with respect to the CO. As with the dust emission, the CH contours are shifted to the southwest of the main ridge of CO emission in MBM 40. Though the 139, 167, 195, 223, 251, 279 , and 307 mK km s −1 . The offset in the peak CH and CO emission is discussed in Section 5. (A color version of this figure is available in the online journal.) Figure 9 . Contours of W CH superimposed on a 13 CO integrated antenna temperature map of a portion of the principal emission ridge in MBM 40. The W CH contours ar at 167, 195, 223, 251, 279 , and 307 mK km s −1 . The offset in the peak CH and CO emission is discussed in Section 5. (A color version of this figure is available in the online journal.) dust and both isotopologues of CO trace the same ridge of peak emission for MBM 40, the CH does not, indicating that the peak emission of CH originates from a different region of the cloud than the peak emission in either CO or dust.
In addition to the spatial offset between the peak emission from the cloud in CH versus CO, the peak velocity of the average CH spectrum over the entire cloud does not completely coincide with the velocities of either the average CO or 13 CO spectra. Figure 12 shows the average spectral profile for CO summed over the region of 13 CO observations with all three spectra in Figure 13 normalized. In comparing the velocity and width of each profile, it is clear, especially from Figure 13 , that the average CH spectrum is redshifted compared to the spectra of both isotopologues of CO. Although shifts in the Figure 9 ). The two CO averaged spectra are plotted at their actual value, while the CH spectrum has been multiplied by a factor of 10 for clarity. The spike in the CH spectrum at 0 km s −1 is produced by interference from the correlator and should be ignored.
CO and CH velocity have been noted before by Sandell et al. (1980) , these authors studied bright-rimmed molecular clouds at the boundaries of H ii regions where the kinematics are affected by expanding ionized gas and shocks. These objects are significantly different than MBM 40.
We believe that the variations in the CO and CH distribution are noticeable in this cloud because the proximity of the cloud allows for relatively high spatial resolution (∼ 0.05 pc). In contrast, when one looks at distant molecular clouds, the CO and CH lines are remarkably similar (Magnani et al. 2005 ).
Despite the above considerations, it is necessary to point out that the 0.2 km s −1 shift between the CO and CH data may be produced solely by an erroneous velocity scale produced by the uncertainty with which the CH 3 GHz rest frequencies are known. 5 For three decades, the astronomical observations of Rydbeck et al. (1976) were the basis for assuming that the rest frequency of the 2 Π 1/2 (F = 1-1) CH transition was 3335.481 MHz. This rest frequency has been recently measured directly in a field-free experiment (McCarthy et al. 2006) . Although McCarthy et al. confirmed the rest frequency adopted by Rydbeck et al. (1976) to the last significant figure, they established that the 1σ uncertainty in this figure was 1 kHz. In this case, a 3σ uncertainty would correspond to a velocity uncertainty of 0.27 km s −1 . Thus, there is a distinct possibility that the CH-CO velocity offset described above may be due to the uncertainty in the CH rest frequency.
In the case of MBM 3 not enough points were observed to produce a map of the CH distribution. As is clear from Figure 2 , the CH detections occur away from the CO(1-0) peaks. The northernmost CO peak is a real peak in the sense that it is composed of a single velocity component whereas the southern CO peak is a superposition of two distinct velocity structures (see Chastain 2005) . Thus, the two CH non-detections on the northern peak and the 11 detections immediately below it could be construed as an offset similar to what is seen in MBM 40. It is likely given the results discussed in Section 4.2 that, were such 5 We are grateful to the referee for explicitly pointing this out. Figure 12 with the spectra normalized to highlight the velocity offset between the CO and CH. a map produced, the CH distribution would not match the CO distribution, at least as far as where the peak emission occurs in the two species. The velocity offset noted in MBM 40 could not be studied in MBM 3 because the data presented by Shore et al. (2006) have a +1.5 km s −1 offset in absolute LSR velocity. The reason for this offset is not clear, but was confirmed by a subsequent map of the region made by M. Heyer (2008, private communication) . Despite this offset, none of the conclusions of the Shore et al. (2006) paper are affected. Nevertheless, a velocity comparison between that CO data and the CH data presented here is clearly not feasible.
It seems clear, given that the spatial offset in the case of MBM 40 is approximately 2 -3 that lower resolution data taken with the old NRAO 140 ft telescope (resolution at 3 GHz ∼ 9 ) or the Onsala 25 m telescope (15 resolution) would not show this effect. As described in Section 4.2, the spatial and velocity offsets revealed by our high-resolution studies of the two clouds can be produced by various cloud chemistry and excitation effects. However, there is an additional consideration: perhaps part of the answer is that the CO and CH emission arises from different gas components in the cloud. Given the low-density nature of high-latitude translucent clouds, if there is a difference in which molecular regime gives rise to the CH and CO emission, it would have to be that some significant fraction of the CH 3335 MHz emission was coming from a lowdensity molecular envelope surrounding the regions of strong CO emission. There are several papers in the literature that claim that the CH 3335 MHz line can trace a gas component not easily seen in CO(1-0) (e.g., Johansson 1979; Sandell et al. 1987; Magnani & Onello 1993) . To confirm this claim for both MBM 3 and 40, extensive observations of the envelope of both clouds (easily visible in the E(B − V ) maps) need to be made. For now, it suffices to note that, in addition to excitation and chemistry issues, there is also the possibility that the CH emission has a greater envelope-to-ridge contribution than the CO.
SUMMARY
We report in this paper the highest resolution observations of the CH 3335 MHz line in two translucent molecular clouds. In both objects, the spatial resolution of the observations is ∼ 0.05 pc. In MBM 40, 164 positions were observed covering the principal cloud structure consisting of a main ridge running northwest/southeast, and a smaller, parallel, ridge. Although CH emission is present at lower levels than that of our detections in the cloud envelope (as determined from averaging the spectra of the nondetections), our high-resolution observations are not sensitive enough to show the structure away from the main ridges.
At first glance, the CH seems to correlate with previously obtained CO(1-0) data at similar resolution. However, more careful examination reveals both a spatial and velocity offset in the peak emission. Spatial offsets of this type in CO and CH have not been reported before and are likely a consequence of the high angular (1. 6 × 1. 3) and spatial resolution (∼ 0.5 pc) of the observations. A velocity offset between CH and CO similar to what we report here has been noted before (Sandell et al. 1980) , though in a different type of cloud. Although the velocity offset is intriguing because of what it may reveal about the cloudenvelope kinematics, there is a possibility that the offset may be produced by uncertainty in the rest frequency of the CH 2 Π 1/2 (F = 1-1) transition.
The other cloud in this study, MBM 3, was observed in only 21 lines of sight because the CH emission was notably weaker here. This weakness of the CH 3335 MHz line compared to the CO line is similar to what has been noted before in MBM 16 versus 40 (Liszt & Lucas 2002) . There was no correlation between the CH and CO data, and only a weak, possible correlation between the CH and 13 CO data. A spatial offset between the CO and CH peak emission may be present, though more complete mapping is necessary to establish this point.
Identifying the causes of the above discrepancies between the CO(1-0) and CH 3335 MHz lines is important because both tracers are used to determine the low-density H 2 content of molecular clouds. There are mechanisms in time-dependent cloud chemistry models such as turbulent diffusion (Xie et al. 1995) and asymmetric UV illumination (Kopp et al. 2000) that can produce varying CO/CH ratios within a given cloud. However, before the models can be profitably compared to the data, much deeper CH (and CO) observations are needed. In particular, the data presented here focusses on the higher column density regions of both clouds. It would be interesting to compare these results with similar data for the lower density cloud envelope. Unfortunately, given the dearth of 3 GHz receivers currently available (in North America these observations can only be made at Arecibo) and the long integration times required to detect CH 3335 MHz emission from low column density gas, it is unlikely that these observations will be made soon. However, without this type of observational data, progress cannot be made in deciding which mechanisms must be included in cloud chemistry models.
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